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ABSTRACT 

To s tudy  t h e  d i r e c t  e f f e c t s  of a low g r a v i t y  environment on 
s k e l e t a l  and ca rd iac  muscle c e l l s ,  experiments were i n i t i a t e d  t o  
determine whether s k e l e t a l  and/or ca rd iac  muscle c e l l s  would grow 
wi th in  the  lumen of XM-80 ho1 l .o~  f i b e r s  ( i . d .  = 0.5 mm). C e l l s  were 
prepared from s k e l e t a l  o r  ca rd iac  muscle t i s s u e  of 12  day embryos 
and were cu l tu red  f o r  up t o  7 days i n  the  hollow f i b e r  environment. 
Light microscopy revealed that: c e l l s  p r o l i f e r a t e d  t o  confluency over 
t h i s  per iod of time and fus ion  was apparent  i n  the s k e l e t a l  muscle 
c e l l s .  Once i t  had been v e r i f i e d  t h a t  c e l l s  would grow t o  
confluency, a d d i t i o n a l  XM-80 f i b e r s  conta in ing  c e l l s  were placed i n  a 
C l i n o s t a t  i n  t h e  h o r i z o n t a l  pos i t i on  a t  100 rpm. F ibe r s  were 
s t r e t c h e d  by a b u i l t - i n  spr ing  mechanism t o  hold the f i b e r  t i g h t l y  a t  
the  c e n t e r  of r o t a t i o n .  Under these  cond i t ions ,  t he  g r a v i t y  vec tor  
approaches zero and the  ce l l s  a r e  i n  an environment t h a t  s imula tes  
microgravi ty .  Examination of s k e l e t a l  muscle c e l l s  by e l e c t r o n  
microscopy revea led  t h a t  myoblast fu s ion  and myof ibr i l  accumulation 
were ex tens ive .  Although d a t a  obtained thus  f a r  a r e  pre l iminary ,  
they suggest  t h a t  myof ibr i l  o rgan iza t ion  i n  chicken s k e l e t a l  muscle 
c u l t u r e s  i s  somewhat more poorly def ined  i n  C l inos t a t - ro t a t ed  

' c u l t u r e s  than i n  c o n t r o l s  that: were not subjec ted  t o  C l inos t a t  
condi t ions .  
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- RACKGROUND 

The primary reasons  f o r  our i n i t i a l  i n t e r e s t  i n  t h i s  r e sea rch  
emanate from our experience i n  s tudying p r o t e i n  s y n t h e s i s ,  
degrada t ion  and gene express ion  i n  s k e l e t a l  muscle c e l l s ,  and from 
t h e  ex tens ive  phys ica l  problems r e s u l t i n g  from a t rophy and weakness 
of s k e l e t a l  and c a r d i a c  muscles fo l lowing  prolonged exposure t o  a 
low g r a v i t y  environment (c . f . ,  Morey-Holton and Wronski, 1981; 
Oganov e t  a l . ,  1982; Grigor’yeva and Kozlovskaya, 1983; Leonard e t  
a l . ,  1983). C l e a r l y ,  dramatic  a l t e r a t i o n s  i n  the  balance between 
t h e  r a t e  of  p r o t e i n  s y n t h e s i s  and t h e  r a t e  of p r o t e i n  degrada t ion  
must accompany major changes i n  the  q u a n t i t y  of muscle t i s s u e ,  and 
i t  a l s o  seems exceedingly u n l i k e l y  t h a t  l o s s  of up t o  25% of  
s k e l e t a l  muscle mass could take p lace  i n  the  absence of swi tches  i n  
m y o f i b r i l l a r  p r o t e i n  gene express ion .  The ex ten t  of  s k e l e t a l  muscle 
l o s s  i n  humans and experimental  animals a f t e r  space f l i g h t  i s  r a t h e r  
dramatic .  To c i t e  two s p e c i f i c  examples, crew members of t h e  f i r s t  
two Skylab missions maintained a negat ive  n i t rogen  balance of 
approximately 4.5 g/day a t  thle same time t h a t  t o t a l  body potassium 
was a l s o  decreas ing  (Whedon e t  a l . ,  1977). Much of t h i s  increased  
p r o t e i n  ca tabol i sm was due s p e c i f i c a l l y  t o  muscle p r o t e i n  
degrada t ion  as evidenced by e l eva ted  r a t e s  of 3-methylh is t id ine  
e x c r e t i o n  (Leach e t  a l . ,  1979) .  Also, a pronounced decrease  i n  
mass and i n  m y o f i b r i l l a r  c r o s s  s e c t i o n a l  a r e a  of t h e  s o l e u s  muscle 
i n  ra ts  a f t e r  exposure t o  a low g r a v i t y  environment f o r  7 days has 
been repor ted  (Goldspink et ax., 1980; R i l e y  e t  a l . ,  1987). 

An i n t e r e s t i n g  and i n t r i g u i n g  exp lana t ion  f o r  t h e  e f f e c t  of 
prolonged space f l i g h t  on muscle a t rophy i s  t h a t  a s e c r e t o r y  de fec t  
for growth hormone (GH) may be! occurr ing  i n  p i t u i t a r y  c e l l s  
(Grindeland e t  a l . ,  1987a; Motter e t  a l . ,  1987). S p e c i f i c a l l y ,  
a n t e r i o r  p i t u i t a r y  c e l l s  i s o l a t e d  from ra t s  flown f o r  7 days on t h e  
SL-3 miss ion  s e c r e t e d  approximately h a l f  as much of a b i o l o g i c a l l y  
a c t i v e  form of GH i n t o  c u l t u r e  media as ground-based c o n t r o l s .  This  
obse rva t ion  has  been q u a l i t a t i v e l y  confirmed and extended by s e v e r a l  
independent approaches,  inc luding  t h e  f ind ing  t h a t  t h e  serum 
concen t r a t ion  of GH is reduced by 50% i n  ra ts  exposed t o  s imula t ions  
of microgravi ty  by hindlimb suspension (Motter  e t  a l . ,  1987). 

c c - !  
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Addi t iona l ly ,  Grindeland e t  a l .  (1987b) have concluded t h a t  muscles 
of rats exposed t o  microgravi ty  a r e  s i g n i f i c a n t l y  more r e s i s t a n t  t o  
exogenous and c i r c u l a t i n g  GH than  the  s k e l e t a l  muscles of c o n t r o l  
ra ts ,  s i n c e  admin i s t r a t ion  of GH d id  not  a l l e v i a t e  muscle a t rophy i n  
animals i n  which i t  was known t h a t  GH s e c r e t i o n  rate and serum 
l e v e l s  of GH were a l s o  decreased by 50%. 
the  de fec t  i n  GH u t i l i z a t i o n  may extend t o  s k e l e t a l  muscles as w e l l .  

These r e s u l t s  imply t h a t  

Thus, i t  seems c l e a r  t h a t  exogenous f a c t o r s  are respons ib le  f o r  
a t  least  a po r t ion  of muscle a t rophy;  however, i t  a l s o  seems 
poss ib l e  t h a t  microgravi ty  has  d i r e c t  i n t r i n s i c  e f f e c t s  on the  
c y t o s k e l e t a l  and m y o f i b r i l l a r  c o n t r a c t i l e  systems. Examples of 
d i r e c t  e f f e c t s  of  microgravi ty  on c e l l s  are r a t h e r  l i m i t e d ,  but 
a v a i l a b l e  c i r cums tan t i a l  da t a  a r e  c o n s i s t e n t  wi th  the  explana t ion  
t h a t  t h e  c y t o s k e l e t a l  system i s  involved. For example, s e c r e t o r y  
processes  i n  g e n e r a l ,  and by d e f i n i t i o n  the  s e c r e t i o n  of hormones 
from t h e  p i t u i t a r y ,  are microfilament-dependent, and i t  i s  p l aus ib l e  
t h a t  t h e  reduced s e c r e t i o n  of GH descr ibed  above r e s u l t s  from a 
d i r e c t  e f f e c t  on t h e  c y t o s k e l e t a l  system. Moreover, i f  t h e  d e f e c t  
i n  GH u t i l i z a t i o n  extends t o  s k e l e t a l  muscle ce l l s ,  and i f  t he  
Insu l in - l ike  Growth Fac to r s  (IGF’s, which a r e  regula ted  by GH and 
ac t  d i r e c t l y  on s k e l e t a l  muscle) and t h e i r  receptors  a r e  
i n t e r n a l i z e d  by cytoskeletal-dependent  processes  i n t o  the  cytoplasm 
of muscle c e l l s ,  then  t h i s  process may a l s o  be d i r e c t l y  a f f e c t e d  by 
microgravi ty .  Since some of t he  c o n t r a c t i l e  p ro te ins  i n  the  h ighly  
organized m y o f i b r i l l a r  p r o t e i n  a r r ays  i n  sarcomeres a r e  nothing more 
than  d i f f e r e n t  isoforms of some of t h e  c y t o s k e l e t a l  c o n t r a c t i l e  
p r o t e i n s ,  an e f f e c t  on express ion  of one class of these  p r o t e i n s  
could l o g i c a l l y  be expected t o  have an e f f e c t  on expression of the  
o the r .  Fur ther  s u b s t a n t i a t i o n  of t h i s  p o s s i b i l i t y  r e s u l t s  from the  
f a c t  t h a t  t h e  myosin heavy cha in  genes are members of a r a t h e r  l a r g e  
multigene family t h a t  may have up t o  twenty members i n  some spec ie s  
such as ch ickens ,  and which i s  known t o  e x h i b i t  a s i g n i f i c a n t  l e v e l  
of p l a s t i c i t y  i n  i t s  a b i l i t y  t o  have d i f f e r e n t  isoforms expressed 
under d i f f e r e n t  t i s s u e ,  developmental and environmental condi t ions .  
Most c r u c i a l ,  however, i s  t h e  f a c t  t h a t  n e i t h e r  t he  e f f e c t  of a c t u a l  
microgravi ty  nor t h e  e f f e c t  of s imulated microgravi ty  on t h e  
o rgan iza t ion ,  syn thes i s ldeg rada t ion  o r  gene express ion  of t h e  
c o n t r a c t i l e  p r o t e i n s  has  ever  been eva lua ted  under c r i t i c a l l y  
con t ro l l ed  condi t ions .  One of the  only  poss ib l e  ways t o  eva lua te  
t h i s  p o s s i b i l i t y  i n  t h e  absence of  prolonged space f l i g h t s  i s  with 
cu l tured  muscle ce l l s  grown wi th in  the  f i b e r s  of a r o t a t i n g  
C l inos t a t .  A s  d i scussed  below, t h i s  instrument  has the  e f f e c t  of 
mimicing a low g r a v i t y  environment, and t h e r e f o r e  allows some of t he  
above processes  t o  be evaluated.  
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OIBJECTIVES - 
The g e n e r a l  o b j e c t i v e  of t h i s  r e sea rch  was t o  assess the  

e f f e c t s  of exposure t o  s imulated microgravi ty  using a r o t a t i n g  
C l i n o s t a t  on morphological a s p e c t s  of t h e  c o n t r a c t i l e  system i n  
chicken s k e l e t a l  muscle c e l l s .  S p e c i f i c a l l y ,  c e l l  morphology, 
fu s ion ,  and F a t t e r n s  of  c o n t r a c t i l e  f i l ament  o rgan iza t ion  i n  
s k e l e t a l  muscle c e l l  c u l t u r e s  grown i n  hollow f i b e r s  of a r o t a t i n g  
C l i n o s t a t  were eva lua ted .  Primary techniques f o r  t h i s  work were 
l i g h t  microscopy and e l e c t r o n  microscopy. 
t ypes  were examined i n  pre l iminary  experiments t o  determine t h e  bes t  
c e l l  type f o r  t h i s  and subsequlent p r o j e c t s .  These c e l l  types  
included chicken muscle ce l l s ,  chicken c a r d i a c  muscle ce l l s ,  and 
f e t a l  bovine s k e l e t a l  muscl : c'el Is. 

Several  d i f f e r e n t  c e l l  
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METHODS AND PROCEDURES - 

1. Chick s k e l e t a l  muscle c e l l  c u l t u r e s  

Thigh muscle from 12 day b r o i l e r  ch ick  embryos was removed and 
disaggregated i n t o  ind iv idua l  c e l l s  by vor tex ing  the  muscle i n  
growth medium on a vo r t ex  mixer a t  maximum speed f o r  20-30 seconds 
(Young e t  a l . ,  1981). The suspension was then f i l t e r e d  through nylon 
mesh t o  remove connect ive t i s s u e  and bone, and t h e  c e l l s  were 
recovered by c e n t r i f u g a t i o n .  Following resuspension i n  an 
appropr i a t e  amount of growth medium (Eagle’s Minimum E s s e n t i a l  
Medium conta in ing  5% chick embryo e x t r a c t ,  10% horse  serum? 50 
uni t s /ml  p e n i c i l l i n ,  50 ug/ml s t fgptomycin,  2.5 ug/ml fungizone)  t o  
g ive  a concen t r a t ion  of 1.5 x 10 c e l l s / m l ,  t h e  c e l l  suspension was 
i n j e c t e d  i n t o  a 70 mm long p iece  of 0.5 mm ( i n n e r  diameter)  XM-80 
hollow f iber  using a lcc syringe and a 26 3 / 8  gauge needle .  Both 
ends of t h e  f i b e r  were sea l ed  wi th  hot  wax, and the  f i b e r  was loaded 
i n t o  a g l a s s  tube con ta in ing  5 ml of complete media. The f i b e r  was 
he ld  t a u t  by a s p r i n g  s o  t h a t  i t  would always be a t  t h e  exac t  cen te r  
of r o t a t i o n  of t h e  C l i n o s t a t ,  and t h e  g l a s s  tube w a s  then sea l ed  and 
t h e  e n t i r e  assembly loaded i n t o  t h e  C l i n o s t a t .  

Muscle c e l l  c u l t u r e s  prepared as descr ibed  above p r o l i f e r a t e ,  
fu se  and begin t o  syn thes i ze  m y o f i b r i l l a r  p r o t e i n  wi th in  2-3 days i n  
c u l t u r e ,  and under most experimental  cond i t ions  we have employed so 
f a r ,  they a t t a i n  a maximum and cons t an t  q u a n t i t y  of m y o f i b r i l l a r  
p r o t e i n s  by approximately 7 days. Because the  s y n t h e s i s  ra te  and 
t h e  deg rada t ion  ra te  must be e x a c t l y  equal  t o  each o t h e r  i n  o rde r  t o  
maintain a cons tan t  q u a n t i t y  of p r o t e i n  a t  s t eady- s t a t e ,  and because 
p e r t u r b a t i o n s  i n  e i t h e r  s y n t h e s i s  o r  degrada t ion  r a t e s  w i l l  r e s u l t  
i n  a ne t  change i n  t h e  q u a n t i t y  and/or  o rgan iza t ion  p a t t e r n  of 
m y o f i b r i l l a r  p r o t e i n s ,  t hese  c e l l s  w i l l  provide an exce l l en t  model 
f o r  s tudying the  dynamics of muscle p r o t e i n  accumulation and l o s s .  

2. Microscopic Evalua t ion  of Cells Grown i n  t h e  C l inos t a t  

A. Light Microscopy 

F ibe r s  were removed from C l i n o s t a t  c u l t u r e s  and f ixed  i n  a 5% 
n e u t r a l  buf fered  formal in  s o l u t i o n  f o r  a minimum of 24  hours.  The 
f i b e r s  were dehydrated through a graded e thanol  series of 70%, 95% 
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and abso lu te  e t h a n o l ,  followed by a f i n a l  t reatment  i n  xylene.  The 
f i b e r s  were soaked i n  hot  p a r a f f i n  f o r  4-8 hours ,  embedded i n  the 
p a r a f f i n  i n  p l a s t i c  molds and sec t ioned  wi th  a microtome. The t h i n  
s e c t i o n s  were rehydrated through a reverse  graded a lcohol  s e r i e s  
( loo%,  9 5 % ,  70%) and deionized water ,  and subsequent ly  s t a i n e d  with 
a hematoxylin/eosin or PAS myof ibr i l  s t a i n  using s tandard  s t a i n i n g  
procedures. S l i d e s  were viewed and photomicrographs made a t  45X and 
1OOX. These l i g h t  micrographs were use fu l  f o r  rou t ine  monitor ing of 
the  rate of c e l l  growth and d i f f e r e n t i a t i o n  under the  d i f f e r e n t  
experimental  t rea tments .  

B. Transmission Elec t ron  Microscopy 

Fibers  conta in ing  the  c e l l  c u l t u r e s  from the  C l i n o s t a t  were 
f i x e d  i n  4% buffered  g lu ta ra ldehyde ,  followed by 1% osmium t e t r o x i d e  
f i x a t i o n .  The f i b e r s  were p a r t i a l l y  dehydrated i n  e thanol  (25% and 
50%) and s t a i n e d  with 1% uranyl  a c e t a t e .  Af t e r  complete dehydrat ion 
through a graded e thanol  s e r i e s  (85%, 95% and abso lu te )  t he  f i b e r s  
were embedded i n  Spurr  embedding medium and t h i n  sec t ioned  using a 
microtome. Sec t ions  were viewed and photographed with a P h i l i p s  
Model 201C t ransmiss ion  electrlon microscope. These e l e c t r o n  
micrographs were analyzed t o  determine i f  s imulated microgravi ty  had 
d i r e c t  u l t r a s t r u c t u r a l  e f f e c t s  on the  sarcomeric  and/or c y t o s k e l e t a l  
system i n  muscle ce l l s .  
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RESULTS 

The f a s t  r o t a t i n g  C l inos t a t  used f o r  t hese  ex1)eriments w a s  
designed a t  MSFC and generously loaned t o  us  by D r .  Robert Snyder. 
B r i e f l y ,  t he  C l i n o s t a t  i s  made up of a c u l t u r e  chamber which r o t a t e s  
about a ho r i zon ta l  a x i s ,  and an XM-80 hollow f i b e r  conta in ing  ce l l s  
i s  mounted i n  the  c e n t e r  of r o t a t i o n .  Depending on the  d e n s i t y  
d i f f e rence  between the p a r t i c l e s  and the  l i q u i d  i n  which they  are  
suspended, t h e  p a r t i c l e s  may s e t t l e  wi th in  c i r c u l a r  t r a i l s .  A t  high 
enough speed of r o t a t i o n ,  c e l l s  become motionless  with r e spec t  t o  
the  g r a v i t y  vec to r  and microgravi ty  can be simulated (Br i eg l i eb ,  
1983). The s imula t ion  approaches 100% f o r  p a r t i c l e s  i n  suspension 
where c e n t r i f u g a l  f o r c e s  and Brownian motion o f f s e t  each o the r .  I n  
the  hollow f i b e r s  conta in ing  muscle ce l l s ,  however, t he  diameter of 
the  f i b e r  i s  small enough t h a t  t he  c e n t r i f u g a l  fo rce  i s  only 
approximately 0.006 x g a t  100 rpm of r o t a t i o n .  Operation of the  
C l i n o s t a t  i n  t he  ho r i zon ta l  p o s i t i o n  s imula tes  microgravi ty ,  and 
opera t ion  i n  the  v e r t i c a l  p o s i t i o n  se rves  as a con t ro l  s i n c e  the  
g r a v i t y  vector i s  always c o n s t a n t  i n  t he  v e r t i c a l  pos i t i on .  
Addit ional  c o n t r o l  experiments c o n s i s t i n g  of ce l l s  i n  hollow f i b e r s  
l y ing  h o r i z o n t a l l y  i n  a sealed tube  are a l s o  conducted t o  ensure 
t h a t  a h o r i z o n t a l ,  non-rotating con t ro l  i s  always a v a i l a b l e .  
Photographs of the  C l i n o s t a t  a r e  shown i n  the  ho r i zon ta l  (Figure 1)  
and v e r t i c a l  p o s i t i o n s  (F igure  2 ) .  The c e l l s  a r e  placed i n s i d e  the  
small  hollow f i b e r  i n s i d e  t h e  r o t a t i n g  chamber i n  the foreground i n  
Figure 1,  t h e  ends a r e  sea led  with wax, and the  f i b e r  i s  h e l a  t a u t  
by the  sp r ing  loaded mount. This  ensures  t h a t  the f i b e r  is always 
held a t  p r e c i s e l y  t h e  c e n t e r  of r o t a t i o n .  A tachometer f o r  
monitoring the  speed of r o t a t i o n  is  o u t s i d e  t h e  photograph. 

Pre l iminary  i n v e s t i g a t i o n s  o f  chicken s k e l e t a l  muscle c e l l s  i n  
the  C l inos t a t  have been c a r r i e d  out over t he  pas t  few months, and 
while  we have made major progress  i n  developing the  appropr ia te  
cond i t ions ,  i t  should be made very c l e a r  t h a t  we a r e  i n  the  e a r l y  
s t a g e s  of ana lyz ing  muscle c e l l s  and t h a t  a l l  conclusions a r e  based 
on a l imi t ed  amount of information.  Add i t iona l ly ,  we attempted t o  
grow s e v e r a l  d i f f e r e n t  c e l l  types  t o  determine the  b e s t  ones f o r  
f u t u r e  experiments,  and t o  see  i f  one c e l l  type grew b e t t e r  than the  
o the r s .  Chicken s k e l e t a l  muscle c e l l s  and ch ick  ca rd iac  muscle 
c e l l s  grew b e s t ,  whereas f e t a l  bovine s k e l e t a l  muscle c e l l s  grew 
very slowly. 

Light micrographs of s k e l e t a l  muscle c e l l s  s t a ined  with 
hematoxylin and eos in  a f t e r  7 days i n  c u l t u r e  a r e  shown i n  Figures  3 

XXXII-6 



1. 
and 4 .  Figure  3 is a long i tud ina l  s e c t i o n  ( i . e . ,  p a r a l l e l  t o  t he  
long a x i s  of  t h e  hollow f i b e r )  through t h e  monolayer of chicken 
s k e l e t a l  muscle c e l l s ,  and Figure 4 is  a c r o s s  s e c t i o n  through t h e  
monolayer of c a r d i a c  muscle cel ls .  Figure 5 shows t h a t  bovine 
s k e l e t a l  muscle ce l l s  d i d  not  grow a s  wel l .  
micrographs,  t h e  c e l l s  are conf luen t ,  and al though fus ion  can be 
observed occas iona l ly  from these  sec t ion ing  p lanes ,  t h e  ex ten t  of 
fu s ion  and myof ib r i l  formation i s  f a r  more apparent  i n  e l e c t r o n  
micrographs (F igure  6 and Figure 7 ) .  
and Figure  7 were taken from a r e p r e s e n t a t i v e  c o n t r o l  mul t inuc lea ted  
myotube a f t e r  6 days i n  a hollow f i b e r  i n  the  absence of r o t a t i o n .  
Cross s t r i a t i o n s  are r e a d i l y  apparent  i n  most s e c t i o n s ,  and the  
myof ib r i l s  appear t o  be a l igned  appropr i a t e ly .  Moreover, po r t ions  
of myotube n u c l e i  a r e  v i s i b l e .  

I n  these  l i g h t  

These micrographs i n  Figure 6 

The micrographs shown i n  Figure 8 and Figure 3 were taken from 
myotubes t h a t  had been r o t a t i n g  h o r i z o n t a l l y  i n  the  C l i n o s t a t  a t  100 
rpm f o r  6 days.  Although t h e  Eollowing conclusions a r e  very  
t e n t a t i v e  and a r e  based on a l i m i t e d  amount of in format ion ,  a t  l e a s t  
two d i f f e r e n c e s  between t h e  C l l n o s t a t  c e l l s  and the  c o n t r o l s  have 
been observed so  f a r .  F i r s t ,  i t  was more d i f f i c u l t  t o  f i n d  iuyotubes 
i n  the  C l i n o s t a t  c u l t u r e s  than  i n  t h e  c o n t r o l s  ( i . e . ,  more s e c t i o n s  
from d i f f e r e n t  blocks had t o  ble examined t o  f i n d  myotubes, even 
though t h e  same number of muscle c e l l s  was o r i g i n a l l y  placed i n t o  
both s e t s  of  f i b e r s ) .  Second, while  most of t h e  s e c t i o n s  from the  
C l i n o s t a t  myotubes do have some c r o s s  s t r i a t i o n s  ( c . f . ,  F igure  8 ) ,  
we observed t h a t  t he  C l i n o s t a t  myof ib r i l s  seem t o  be more poorly 
organized. The s e c t i o n s  con ta ln  abundant amounts of f i lamentous-  
appearing s t r u c t u r e s  t h a t  resemble m y o f i b r i l l a r  material; however, 
t h e  e x t e n t  of o rgan iza t ion  and alignment seems not  t o  be as p r e c i s e  
a s  i n  the  c o n t r o l s .  One poss ib l e  exp lana t ion  t h a t  we have not  ye t  
had time t o  eva lua te  i s  t h a t  a h igher  percentage of t h e  s e c t i o n s  
from t h e  C l i n o s t a t  c u l t u r e s  arc a t  ob l ique  angles ;  however, i t  a l s o  
easy t o  f i n d  t h i s  poorly organized m a t e r i a l  i n  s e c t i o n s  t h a t  a l s o  
con ta in  r e a d i l y  i d e n t i f i a b l e  s e c t i o n s  of i n t a c t  myof ib r i l s .  Thus, 
we can not  r u l e  out t h a t  t he  p o s s i b i l i t y  t h a t  C l i n o s t a t  c u l t u i e s  
con ta in  as many m y o f i b r i l s ,  but  t h a t  they are more randomly o r i en ted  
i n  the  myotubes. These a r e  ques t ions  t h a t  can only be answered by a 
d e t a i l e d  con t inua t ion  of  t he  p re sen t  r e sea rch  and by expanding i t  t o  
inc lude  t h e  a d d i t i o n a l  parameters we have proposed t o  measure. 
Again, while  t h e s e  r e s u l t s  a r e  i n t e r e s t i n g ,  t h e i r  prel iminary na ture  
cannot be over-emphasized. 
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F i g u r e  1. C l i n o s t a t :  H o r i z o n t a l  P o s i t i o n  
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F i g u r e  2 .  C l i n o s t a t :  Vertical  P o s i t i o n  
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Figure 3. Chick Skeletal Muscle Cells 
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Figure 4. Chick Cardiac Muscle Cells 
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Figure 5 .  Bovine Skeltal Muscle Cel ls  
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Figure 7 .  Electron Micrograph of Control Chick Skeletal Muscle 
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Figure 6 .  Electron Micrograph of Control Chick Skeletal Muscle 
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Figure 8. Electron Micrograph of Clinostat Treated Chick Skeletal Muscle 
Cel l s .  
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Figure 9. Electron Micrograph of Clinostat Treated Chick Skeletal Muscle 
Cel l s .  
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